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PREFACE

ilie work covered by this report was accomplished b~ Frank I... Harris under the
direction of Emil J. York . Chief . Material Technology Laboratory. U.S . A r m y  Mobility
h-qui pment  Research and Development Command. The e ffort constitutes a part of the
U.S . Army Materials Testing Tec hnology ( MTT) program to provide better procedures
in chemical , mechanical , and nondestructive testing techni ques to increase inspection
efficiency for material/materiel procured by the U.S. Army Materiel I)evelopment and
Readiness (‘ommand. Technical contributions in program modification and conversion
were made by Arthur L. Nickless . Scientif ic and Engineering A pplications I)tvision.
Management Information Systems Office . ML RA D(’OM.
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COMPUT ER TECHNOLOGY IN MATERIALS A N,.
~LYSlS -

PART I . METALS AND ALLOYS

1. INTRODUCTION

I. Statement of the Problem. To significantly decrease the time and effort ~~-

quired to evaluate photographed emission spectra used in the anal~ sis of meta ls and
alloys.

2. Background. Spectrographic techniques arc used at MI RA I)( OM for I lie
analysis of many kinds of materials , ranging from fe rrous and nonfe rrous metals t o

ceramics and paint pigments. This v a r i e t \  of sample t\  pes makes the use of rapid .
direct-reading emission spectrographs impractical . and slower , photograp hic methods
have been adopted. A faster means of obtaining quantitativ e answe rs from photo-
grap hed emission spectra would constitute a significant advance in our mate rials testing
and engineering capabilities.

At the present time , photograp hed spectra are evaluated h~ obta ining r..ins-
mission valu e s  from a conventional microphotometer. T u e  values for all spectral lines
of interest are manually recorded on a printed form designed b r  this purpose. I) i is is

one of the most time-consuming and tedious portions of the ana l~ sis. I o obtain tr.Ins-
mission values for a completely filled plate , for examp le , can require several man- hours
depending upon the number of spectral lines to he used in the analysis .

Still more time consuming is the treatment of ’ the spectr al line transmission
values after they have been recorded. A slide rule t~ pe calculat ing des ice S used t o

construct a calibration curv e for the photographic emulsion being used . I his curs e re-
lates t he percent transmission of a spectral line to the intens it ~ t l the hehl produci fl.’
the line and is used to determine intensities for all lines used in the a i i , i l s  s is . h~
an analytical working curv e is prepared by plotting line intens it\ :ie,iinst ~t i1c ’.’ t i t rat ton
us ing a set of ’ known standard materials. A separate work ine cu rse is prepared for each
element to be determined. Concentrations of unknown sam ples .~rc t hen oblat neib l’~
compariso n of their line intensities to the wo r king cu rs e I Ii.’ tss t as ef lu les Open t I l l  s t I

lution of the problem are : ( 1 increase the speed of acl~uii rlng trans mission at t i cs ,iiid
2 increase the speed of converting transmission s .ali ies into concent r ,u t I l I ls I hi s re

port discusses the ct irrent status of ’ the proJect and desc ribes equipnlent . i ~ i c !  I
the purpose 1)1 auto ma tic acquisition of trancnlission s i  liie~ and lioss t he \t I K \ In
com puter is used to perform the tedi o us calculat ion s and Lur’.e plot t i i i~’ 1 s t !  red .
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ii. EXP FRIMI’NTAL PROCI DURE

3. Ap proach to the Problem. Several computer programs ssere obtained for the
purpose of handling spectrographic data. Fbie first of these , which is cii rrcntb~ in rou-
tine use, requires that the transmission data he obtained from a conventiona l densi-
tometer and entered into the computer on punched cards , along with the t i \cd data.
stich as the t’ilter factor and the concentrations of ’ the standards being used.

The computer then ca lculates all line intensities f ’rom the transilu iss ion data .
plots the final emulsion calibration curse , plots all working curves , and computes an-
swers for unknown samples. Figures 1 and 2 are examples of computer-plotted curses .
Figure Ia is the t’inal emulsion calibration curve for an SA No. I l)late. F igtu rc lb gis es
the set of points used to plot the emulsion calibration curve of ’ Figure Ia. Transmit-
tances and corresponding intensities are given as well as the natural logarithms of these
values. Figure 2a is a working curve for nickel in copper base alloys. Figure 2b gise s
the set of points used by the computer to plot the working curv e of Figure 2a. Flue
computer fits all of the above curves by a polynomial regression procedure and prints
the regression coefficients of each curve.

A number of government and private laboratories use used computer tech-
nology to process transmission data taken from spectrographic plates w ith convention-
al densitometers , ln recent years . however , digital scanning densitometers capable of ’
acquiring transmission values rapidly and automatically haste appeared on the market
and computer programs have been developed to process transniission values obtained in
this way. Such an instrument was recently acquired by this Laboratory (see Figure 3 .

This instrument is designed to scan cact i spectrum on the plate wit h a beam
of light which is sampled by a photomuit iplier tube at a predetermined regu lar inte rva l
of scanned distance. The light sampling interval is selectable from five s ~uhies ranging
from 2.5 to 40 microns of travel along t he plate and should he chosen to meet any con-
straints of spectru m line width as def ined by a given computer program. l . ach time the
phototube samples the light beam , it produces an analog electrica l signal which is then
digitized and reco rded on magnet ic tape . Approximately 100,000 readings are taken
for each spectrum.

One of the severa l computer programs previously mentione d, developed at

the US Geological Survey, is being modified to make its input routines compat ible with
our scann ing densitometer. When modification is comp lete . much better accuracy will
he attainable in reading tape—recorded Spectra into the computer . the  logic of this pro-
gra m enables it to find among the recorded transmission readings . spectrum lines ss h ost.’
wave lengt h, e lement symbol. es t imated position along I lie plate. and ot tier eoi isl an Is .

have been read into the computer pres iouusl y as fixed data, and then to ca lc ulate the

-
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intens ity of each line found, finally computing the concentration of each element
sought.

4. Results. Although the system is not yet completel y automated to do the Iactual plate reading, the computer is being used to perform the ca lculations and graph-
ics required to obtain answers. This section presents a sample of results obtained for
the analysis of a low alloy steel. Ti e tab’ e compares results for the determination of
silicon, nickel , and chromium using, in one ci sc. the conventional manual ca lculating
technique and, in the other , the computer.

Analysis of a Low Alloy Steel

Sample Alloying Elements (2~)

Silicon Chromium Nickel
Manual Computer Manual (‘omputer Manual Computer

Gear No. 1 0.31 0.34 0.49 0.49 0.47 0.51
Gear No. 2 0.31 0.29 0.43 0.48 0.46 0.47

I l l . DISCUSSION AND CON(’LUSIONS

5. Discussion. The present status of the project allows the spectrographer to
manually record transmission values on computer coding sheets in a format compatible
with the program input statements. The coding sheets are then submitted to the com-
puter center for keypunching. The punched (lata deck is read into the coniputer , re-
lieving t he spectrographer of the task of constrticf ing emulsion calibration curves and
working curves and of calculating results for unknowns. This represents a considerable
saving in time; a low alloy steel. for example , can now he analyzed in half the time
previous ly required with no loss in quantitative accuracy.

The table indicates that there is good agreement between the conventional
m a n u a l technique and the computer for calculation of analytical results. As mentioned
earlier , a third and final computer program. developed at the U.S. Geological Survey.
is currently being modified to f ’it the requirements of the scanning densitometer shown
in Figure 3. This program was originally written for use with a scanner which reads 20
inches of spectrum in one pass. .\t the present time , scanners with this capability are
not available commerciall y . Most are designed to scan only 10 inches in a single pass.
\ l t ) du l i c a t ion of the progra m involves a rewriting of its input routines such that two
I 0-inch sc .ius will appear to t he computer as a single 20—inch pass. These modifications
and the automated scanning system will he discussed in detail in a later report.
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Figure 3. Digital scanning densitometer.

The cal ibrat ion curs L ’5 ,iiid nii inerica I d~i ta appearing in the Append i ~ e rL’
gene ra t e d h~ t he coit ipt i ter during the anal~ sis of the low al to ~ st ee l mentioned prev i—

I lie colnpi itL’r f i t s  ~~~~ ciir~ .~ ,‘J. l l  e lement . one wi th  eo ncet it rat iot i  l imi ts
an d one w ithouL det c rnt i i ie s the UL ’L’ rL ’ s’.ioil coel l iL ic i l t s  b r  each~ and ~iigiies t s  tipper
an d lower co i icen t ra l  ion liiui i ts  fur C. iL  ii cur’ e. -\ l l  W \  es arc b i t ted both as t’ irst—dcgree
and secon d—degree pol~ Il l nit ia Is , ,iiid t he OiOgr.iii i L l , Ess i l i L ’ io iill of the sec ot id—degree
curves on a sca le of ieo to ten h.isL 1 on .i cons iderat ion of ’ t lie following factors.

( l .iss 0 if less t I . i i t  t t ree l i l t ’ .  . IFL suppl ied .

( lass = 1 lot t h ree po ints .

lass — 2 toi four ~~~1 l I i l s  i f  ( l ie s t , i l i t l , iR I  t l e v iat i o i i  I’. erc.ik’ r t i tan 1 ) 5 .

-

~
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The class value may t hen range up to a maximum of ’ 10 according to Wal-
thall’s f’orniula:

Class Value = (Points factor + sigma t’actor + residual factor )/3 where :

Points factor = 4 if there are 4 points to fit , or
= 10 for 5 or more points.

Sigma factor = 6 if there are 4 points to fit , or
= I if ’ standard deviation is greater than 0.9. or
= 10 — lOx standard deviation.

Residual factor = lOx (fraction of points having a residual less than or
eqtia l to 0. 1) .

T ue  higher t he class value, the more useful is the curve.

6. Conclusions.

a. The computer programs described , although originally written for the
analysis of silicate rocks , have been shown to be effective when applied to the aiial~ sis
of metals and alloys, both ferrous and nonferrous.

h. The two programs currently in use have completely eliminated the re-
quirement for the calculating board for construction of calibration curves and the com-
putation of concentrations.

c, A third program to allow for the automated acquisition of transmission
va lues from our scanning densitometer is currently undergoing modification to make it
compatib le with this equipment. It is expect ed that this last task will he completed in
the near future .
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